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FOREWORD 


This report was produced in support of the Langley Research Center's efforts 
in developing Advanced Military Aircraft and Missile Technology. It represents 
a compilation of reference material on Langley's efforts over the past twenty 
years. The technical material presented includes efforts made in aerodynamics, 
performance, stability, control, stall-spin, propulsion integration, flutter, 
materials, and structures. 

Section A presents several representative reports on Langley's contributions 
to 56 specific military aircraft and missile programs between 1960 and 1979 
(also see fig. 1), 

Section B presents Langley's military related research reports produced 
between 1974 and 1978. 

Section C presents the military publications contributed by the research 
personnel staffing Langley's Differential Maneuvering Simulator facility from 
its inception to the present. 





Table of Contents 


Page 

Section A - Representative Langley Research Center 4 

Contributions to Military Aircraft and Missile 
Technology (1960-1979) 

Section B - Recent Langley Research Center Contributions 18 

to Military Aircraft and Missile Technology 

Section C - Langley Research Center Differential Maneuvering 39 

Simulator Studies 


2 


F-105 

S-3A 

AIR CUSHION 

F-14 

XV-6A (KESTREL) 

F-15 

HARRIER 

AX 

F-16 

A-lOA 

F-17 

A-7 

X-24B 

B-1 

SWEPT-FORWARD WING 

A-9A 

B-58 

F-18 

AO-1 

F-4 

MISSILES GUIDED, AIR-TO- 
AIR 

P-1127 

COIN 

X-15 

XC-142 

FOKKER VTOL 

DIFFERENTIAL MANEUVERING 
SIMULATOR 

AP-lOO 


IlOA 

GETOL 

T-38 

VZ-2 

HAV^K 

C-5A 

138A 

F-104 

KC-135 

F-111 

MOHAWK 

DO-31 

REDHEAD ROADRUNNER 

B-57 

SERGEANT 

B-70 

C-141A 

TANDEM WING 

A5A 

B-52 

A6 

SPARROW ill 

ANTITANK MISSILE 

XFV-12A 

A2F 

RUNWAYS 

A3J 

LANDING GEAR 


Figure 1.- Military aircraft and missile programs supported by 
the Langley Research Center (1960-1979). 
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REPRESENTATIVE LANGLEY RESEARCH CENTER CONTRIBUTIONS TO 
MILITARY AIRCRAFT TECHNOLOGY 
(1960-1979) 


1. Luoma, Arvo A.: Transonic Wind-Tunnel Investigation of the 

Static Longitudinal Stability and Performance Characteristics 
of a Supersonic Fighter-Bomber Airplane. NASA TM X-513, 

July 1961, pp 117. 

2. Luoma, Arvo A.: Transonic Wind-Tunnel Investigation of the 

Static Stability and Control Characteristics of a Supersonic 
Fighter-Bomber Airplane. NASA TM X-591, Dec. 1961, pp 9. 

3. Foster, Gerald V.; and Kyle, Robert G. : Aerodynamic Character- 

istics of a 1/22-Scale Model of a Fighter Airplane With an 
Extended Forebody and Other Modifications at Mach Number of 
1.57 to 2.01. NASA TM X-833, July 1963, pp 82. 

4. Thompson, William C.: Landing Performance of an Air-Cushion 

Landing System Installed on a 1/10-Scale Dynamic Model of the 
C-8 Buffalo Airplane. NASA TN D-7295, 1973. 

5. Captain, K. M. ; Boghani, A. B., and Wormley, D. N. : Dynamic 

Heave-Pitch Analysis of Air Cushion Landing Systems. NASA 
CR-2539, 1975. 

6. Trafford, J. W. Leland; and Thompson, William C.: Landing- 

Impact of a 0.3-Scale Model Air Cushion Landing System for a 
Navy Fighter Airplane. NASA TN D-7875, 1975, pp 33. 


7. Boghani, A. B.; Captain, K. M. ; and Worley, D. N. : Heave- 

Pitch-Roll Analysis and Testing of Air Cushion Landing 
Systems. NASA CR-2917, 1978, pp 198. 

8. Margason, Richard J.; Vogler, Raymond D.; and Winston, 

Matthew M. : Wind-Tunnel Investigation at Low Speeds of a 
Model of the Kestrel (SV-6A) Vectored-Thrust V/STOL Airplane. 
NASA TN D-6826, 1972. 

9. Morello, Samuel A; Person, Lee H. , Jr.; and Shanks, Robert E. : 

A Flight Evaluation of a Vectored-Thrust-Jet V/STOL Airplane 
During Simulated Instrument Approaches Using the Kestrel 
(SV-6A) Airplane. NASA TN D-6791, 1972. 
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10. Suit, William T. ; and Williams, James L. : Lateral Static and 

Dynamic Aerodynamic Parameters of the Kestrel Aircraft 
(SV-6A) Extracted from Flight Data. NASA TN D-7455, 1974. 



Harrier 


F-16 


F-17 


11. Culpepper, R. G. ; Paterson, W. D. ; Vangunst, R. W. ; and Person, 

L. H. , Jr.: A Flight Investigation of the Effect of 

Increased Thrust Vectoring on the Performance of the Kestrel 
Aircraft. NASA TM X-72766, 1976, pp 1127. 

12. Moore, F. L.; Roberts, D. A.; and Lina, L. H. : Simulation 

Study of the Effectiveness of Thrust Vectoring Using the 
Harrier Aircraft in Air Combat. NASA TM X-3118, 1974. 

13. Culpepper, R. G. ; Woodfield, A. A.; Person, L. H. , Jr.; 

Hamilton, B. I. L. ; and Silsby, N. S.: A Flight Investiga- 

tion of the Effects of VIFF on the Maneuvering Performance 
and Handling Qualities of the Harrier Aircraft. NASA 
TM X-72765, 1976. 

14. Culpepper, R. G.; Woodfield, A. A.; Person, L. H. ; Hamilton, 

B. I. L. ; and Silsby, N. S. : Effects of Thrust Vectoring in 

Forward Flight VIFF on Maneuvering Performance and Handling 
Qualities of a Prototype Harrier Aircraft. NASA TM X-3462, 
1977. 

15. Scher, S. H. ; and White, W. L.: Spin-Tunnel Investigation of a 

1/25 Scale Model of the General Dynamics YF-16 Airplane. 

NASA TM SX-3400, 1975. 

16. Newsom, W. A., Jr.; Anglin, E. L. ; and Grafton, S. B.: Free- 

Flight Investigation of a 0.15-Scale Model of the YF-16 
Airplane at High Angles of Attack. NASA TM SX-3279, 1975. 

17. Foughner, J. T. , Jr.; and Bensinger, C. T. : F-16 Flutter Model 

Studies With External Wing Stores. NASA TM-74078, 1977. 

18. Dollyhigh, S. M.; Sangiorgio, G. ; and Monta, W. J.: Effects of 

Stores on Longitudinal Aerodynamic Characteristics of a 
Fighter at Supersonic Speeds. NASA TP-1175, 1978. 

19. Grafton, S. B.; and Anglin, E. L. : Static and Dynamic Aero- 

dynamics Characteristics of a 0.15-Scale Model of the YF-17 
Airplane at Spin Angles of Attack. NASA TM SX-3217, 1975. 

20. Scher, S. H. : Spin Tunnel Investigation of a 1/25-Scale Model 

of the Northrop YF-17 Airplane. NASA TM SX-3318, 1975. 

21. Grafton, S. B.; Anglin, E. L. ; and Newsom, W. A., Jr.: Free 

Flight Investigation of a 0.15-Scale Model of the YF-17 
Airplane at High Angles of Attack. NASA TM SX-3283, 1975. 
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Nguyen, Luat, T. ; Gilbert, William P.; and Van Gunst, 

Roger W. : Simulator Study of the Departure Resistance of a 

Lightweight Fighter Airplane With Twin Vertical Tails. 

NASA TM X-3510, 1977. (Confidential) 

23. Harris, Charles D.; and Luoma, Arvo A.: Transonic Aerodynamic 

Characteristics of a Lifting Reentry Vehicle Having a Delta 
Planform and a Flat Bottom. NASA TM X-1087, 1965. 
(Confidential ) 

24. Silvers, J. Norman: Stability and Control Characteristics of 

a Flat-Bottom Lifting Reentry Configuration at Mach Numbers 
of 2.29 to 4.63, NASA TM X-1133, 1965. (Confidential) 

25. Feryn, Maurice 0.; and Kyle, Robert G.: Static Stability and 

Control Characteristics of a Lifting-Body Entry Vehicle at 
Mach Numbers from 2.30 to 4.63. NASA TM X-1138, 1965. 
(Confidential ) 

26. Shanks, Robert E. : Investigation of the Dynamic Stability of 

Two Towed Models of a Flat-Bottom Lifting Reentry Configura- 
tion. NASA TM X-1150, 1966. (Confidential) 

27. Ferris, James C. : Static Stability and Control Characteristics 

and Control Surface Hinge-Moment Coefficients of a Lifting 
Body From Mach 0.40 to 1.20. NASA TM X-1714, 1968. 

28. Huffman, Jarrett K. ; and Fox, Charles H. , Jr.: Subsonic 

Longitudinal and Lateral-Directional Static Aerodynamic 
Characteristics For a Close-Coupled Wing - Canard Model in 
Both Swept Back and Swept Forward Configurations. NASA 
TM-74092, 1978. 

29. Huffman, J. K. , and Fox, C. H. , Jr.: Subsonic Longitudinal 

and Lateral -Directional Static Aerodynamic Characteri sties 
for a Model With Swept Back and Swept Forv^ard Wings. NASA 
TM-74093, 1978. 

30. Boyden, R. P.: Subsonic Roll Damping of a Model With Swept- 

Back and Swept-Forward Wings. NASA TM-78677, 1978. 

31. Hinson, William F. : Investigation of a New Technique for 

Releasing an Externally Carried Fuel Tank at Subsonic and 
Supersonic Speeds, Using a 1/40-Scale Model of a Supersonic 
Bomber Airplane. NASA TM X-462, 1961. 

32. Robinson, Ross B.; and Spearman, M. Leroy: Static Lateral and 

Directional Stability and Control Characteristics of a 1/40- 
Scale Model of a 60° Delta Wing Bomber Configuration at a 
Mach Number of 1.99. NASA TM X-537, 1961. 
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33. Landrum, Emma Jean: Static Lateral and Directional Stability 

and Control Characteristics of a 1/14-Scale Model of a 
60° Delta Wing Bomber Configuration at a Mach Number of 
1.61. NASA TM X-748, 1963. 

34. Grantham, William D.; and Grafton, Sue B.: Effects of Air- 

craft Relative Density on Spin and Recovery Characteristics 
of Some Current Configurations. NASA TN D-2243, 1965. 

35. Lee, Henry A.: Spin Investigation of a 1/20 -Scale Model of 

an Unswept-Wing, Twin-Engine, Observation Airplane. NASA 
TN D-1516, 1963. 

36. Monta, W. J.: Supersonic Stability and Control Character- 

istics of a Blunt Noise Cruciform Missile Model Having 
Highly-Swept Delta Wings and In-Line Rectangular Control 
Fins. Interim Report, March 31, 1970. 

37. Monta, W. J.: Supersonic Aerodynamic Characteristics of a 

Sparrow 3 Type Missile Model With Wing Controls and Compari- 
son With Existing Tail Control Results. NASA TP-1078, 1977. 

38. Hayes, C. : Aerodynamic Characteristics of 1/4-Scale Model of 

ALRAAM Missile Configuration at Supersonic Speeds. NASA 
TM-74075, 1977. 

39. Lee. H. A.: Spin-Tunnel Investigation of a 1/20-Scale Model 

of a Straight-Wing, Twin-Boom, Counter-Insurgency Airplane. 
NASA TM X-1602, 1969. 

40. Lee, H. A.: Spin-Tunnel Investigation of a 1/20 Scale Model 

of a Modified Straight-Wing, Twin-Boom, Counter-Insurgency 
Airplane. NASA TM X-2053, 1970. 

41. Gentry, G. L., Jr.; and Margason, R. J.: Aerodynamic Charac- 

teristics of Twin Propeller Deflected Slipstream STOL Air- 
plane Model With Boundary Layer Control on Inverted V-Tail. 
NASA TN D-4856, 1968. 

42. Goodson, K. W. : Aerodynamic Characteristics of Wind Tunnel 

Model Compared With Flight Test Craft for Four-Propel 1 er 
Tilt-Wing V/STOL Aircraft XC-142. Presented at the Ames 
Research Center Conference on V/STOL and STOL Aircraft, 

1966, pp 51-62. 

43. Patton, J. M. , Jr.: A Pilot's Opinion - VTOL Control Design 

Requirements for the Instrument Approach Task. Presented at 
the American Helicopter Society, Annual National Forum, 

May 17-19, 1972. 

44. Williams, J. L.: Extraction of Longitudinal Aerodynamic 

Coefficients From Forward Flight Conditions of a Tilt-Wing 
V/STOL Airplane. NASA TN D-7114, 1972. 
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Chambers, Joseph R. ; and Grafton, Sue B.: Static and Dynamic 

Longitudinal Stability Derivatives of a Powered 1/9-Scale 
Model of a Tilt-Wing V/STOL Transport. NASA TN D-3591, 

1966. 

Nguyen, Luat T. ; Ogburn, Marilyn E. ; Pollock, Kenneth S.; 

Deal, Perry L.; and Brown, Phillip W. : Simulator Study of 

High-Angle-of-Attack Flight of the F-14 Airplane With 
Maneuver Slats. NASA TM-78799, 1978. 

Grantham, William D.; Deal, Perry L. ; and Libbey, Charles E. : 
Piloted Simulator Study of the Stability and Control 
Characteristics of the B-1 Airplane at High Angles of 
Attack. NASA TM SX-3381, 1976. 

Gilbert, William P.; Nguyen, Luat T. ; and Van Gunst, Roger W.: 
Simulator Study of Applications of Automatic Departure- and 
Spin-Prevention Concepts to a Variable-Sweep Fighter 
Airplane. NASA TM X-2928, 1973. 

Pennington, Jack E. : Simulation of a Fixed-Wing Fighter Air- 

craft Having Leading-Edge Slats. NASA TM X-2768, 1973. 

Johnson, Joseph L., Jr.: Wind-Tunnel Investigation of Low- 

Subsonic Flight Characteristics of a Model of a Canard 
Airplane Designed for Supersonic Cruise Flight. NASA TM X- 
TM X 229, 1960. 

Levey, G. M. ; Tuovila, W. J.; and Rainey, A. G.: An Experi- 

mental Study of the Effect of Rearward Mounted Heavy 
Nacelles on the Flutter Characteristics of Low-Aspect-Ratio 
Wings at Transonic and Supersonic Speeds. NASA TM X-555, 
1961. 

Grantham, William D.: Analytical Investigation of the Spin 

and Recovery Characteristics of a Supersonic Trainer Air- 
plane a Having a 24° Swept Wing. NASA TM X-606, 1962. 

Ashby, George C., Jr.; and Fitzgerald, Paul E. , Jr.: Longitu- 

dinal Stability and Control Characteristics of Missile 
Configurations Having Several Highly Swept Cruciform Fins 
and a Number of Trailing Edge and Fin-Tip Controls at Mach 
Numbers From 2.21 to 6.01. NASA TM X-335, 1961. 

Corlett, William A.: Aerodynamic Characteristics of a Modi- 

fied Missile Model With Trapezoidal Wings and Aft Tail 
Controls at Mach Numbers of 2.50 and 4.63. NASA TM X-1751, 
1969. 

Fuller, Dennis E. : Aerodynamic Characteristics of a Cruciform 

Winged Missile With Trai 1 i ng-Edge Controls at Mach Numbers 
From 1.60 to 4.63. NASA TM X-1743, 1969. 
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56. Hunt Gerald L.: Investigation of the Static Longitudinal 

Stability Characteristics of an Air-to-Surface Canard 
Missile Configuration in the Transonic Mach Number Range. 
NASA TM X-305, 1960. 


57. Montoya, Lawrence C.; Jacobs, Peter F.; and Flechner, 

Stuart G. : Effect of Winglets on a First-Generation Jet 

Transport Wing. Ill - Pressure and Spanwise Load Distribu- 
tions for a Semi span Model at Mach 0.30. NASA TN D-8478. 
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58. Jacobs, P. F.: Effect of Winglets on a Fi rst-Generation Jet 

Transport Wing. 5: Stability Characteristics of a Full- 

Span Wing With a Generalized Fuselage at High Subsonic 
Speeds. NASA TP-1163, 1978. 

59. Montoya, L. C.; Flechner, S. G. ; and Jacobs, P. F.: Effect of 

Winglets on a First-Generation Jet Transport Wing. 2: 
Pressure and Spanwise Load Distributions for a Semi span 
Model at High Subsonic Speeds -— in the Langley 8-Foot 
Transonic Tunnel. NASA TN D-8474, 1977. 

60. Jacobs, P. F.; Flechner, S. G. ; and Montoya, L. C.: Effect of 

Winglets on a First-Generation Jet Transport Wing. 1: 
Longitudinal Aerodynamic Characteristics of a Semispan Model 
at Subsonic Speeds -~ in the Langley 8-Foot Transonic 
Tunnel. NASA TN D-8473, 1977. 

61. Dreher, Robert C.: Landing-Gear Loads Obtained During 

Simulated Landing Tests Over Various Obstacles. NASA 
TN D-2690, 1965. 

62. Corlett, William A.: Aerodynamic Characteristics of a 0.187- 

Scale Model of a Target Missile at Mach 1.80 to 2.16. NASA 
TM X-1304, 1966. 

63. Capone, Francis, J.: Wind Tunnel Tests of Seven Static- 

Pressure Probes at Transonic Speeds. NASA TN D-947, 1961. 

64. Ruhlin, Charles L.; Sandford, Maynard D.; and Yates, E. 

Carson, Jr.: Wind-Tunnel Flutter Studies of the Sweptback 

T-Tail of a Large Multijet Cargo Airplane at Mach Numbers to 
0.90. NASA TN D-2179, 1964. 

65. MacWilkinson, D. G.; Blackerby, W. T. ; and Paterson, J. H. : 

Correlation of Full-Scale Drag Predictions With Flight 
Measurements on the C-141A Aircraft - Phase II, Wind Tunnel 
Test, Analysis, and Prediction Techniques. Vol. 2 - Wind 
Tunnel Test and Basic Data. NASA CR-2334, 1974. 
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66. Hall, Albert W.: Some Loading Conditions Imposed by Ground 

Turning Maneuvers With Three Jet Transport Airplanes. NASA 
TN D-7132, 1972. 

67. MacWilkinson, D. G. ; Blackerby, W. T. ; and Paterson, J. H. : 

Correlation of Full-Scale Drag Predictions With Flight 
Measurements on the C-141A Aircraft - Phase II, Wind Tunnel 
Test, Analysis, and Prediction Techniques. NASA CR-2333, 
1974. 

ASA 68. Lee, H. A.: Spin-Tunnel Investigation of a 1/30-Scale Model 

of the North American ASA Airplane. NASA TM SX-946, 1964. 

A-6 69. Dingeldein, R. C.; Connor, A. B.; and Hilton, D. A.: Noise 

Reduction Studies of Several Aircraft to Reduce Their Aural 
Detection Distances. NASA TM X-72644, 1976. 

70. Hilton, D. A.; Connor, A. B. ; and Hubbard, H. H. : A Noise 

Study of the A-6 Airplane and Techniques for Reducing Its 
Aural Detection Distance. NASA TM X-72643, 1976. 

Anti-Tank 71. Vogler, R. D.: Wind-Tunnel Investigation at High Subsonic 

Missile Speeds to Determine Stability and Control Characteristics of 

Antitank Missiles With Ram-Pressure Jet Controls on a Ring 
Tail. NASA TM X-192, 1960. 

A2F 72. Mercer, Charles E. ; Salters, Leland B., Jr.; and Capone, 

Francis J.: Afterbody Temperatures, Pressures, and 

Aerodynamic Characteristics Resulting From Extension of 
Speed-Brake Configurations Into the Exhaust Jets of a Twin- 
Engine Attack-Type-Ai rpl ane Model. NASA TM X-517, 1961. 
(Confidential . ) 

73. Lee, Edwin E., Jr.; and Mercer, Charles E. : Jet Interference 

Effects on a Twin-Engine Attack-Type-Airplane Model With 
Large Speed-Brake, Thrust-Spoiler Surfaces. NASA TM X-464, 
1961. 

A3J 74. Libbey, Charles E. ; and Burk, Sanger M. , Jr.: Large-Angle 

Motion Tests, Including Spins, of a Free-Flying Dynamically 
Scaled Radio-Controlled 1/9-Scale Model of an Attack 
Airplane. NASA TM X-661, 1961. Confidential. 

76. Spencer, Bernard, Jr.: Stability and Control Characteristics 

at Low Subsonic Speeds of an Airplane Configuration Having 
Two Types of Variable-Sweep Wings. NASA TM X-303, 1960. 
Confidential . 

76. Luoma, Arvo A.: Stability and Control Characteristics at 

Transonic Speeds of a Variable-Wing-Sweep Airplane Configu- 
uration With Wing Outboard Panels Swept 113.24° and 76°. 

NASA TM X-342, 1960. Confidential. 
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